Large numbers of spermatozoa with bent or coiled tails were found in the ejaculates of rhesus monkeys treated with 1-(2,4-dichlorobenzyl-indazole-3-carboxylic acid (DICA) (50 or 500 mg/kg for various periods). The defect appeared only in spermatozoa in the cauda epididymidis and consisted of axoneme disarrangement and loss of the fibre doublets. The coil was completely enclosed in a membrane.
Introduction
Sperm abnormalities of coiled and bent tails are found in the semen of men, bulls and many other animals (Swanson & Boyd, 1962; Eliasson, 1976) . The induction of coiled tails in vitro has been achieved by reduction oftheosmolarityofthe seminal plasma (Kolliker, 1856; Moench &Holt, 1929; Drevius, 1975) or cold shock (Pedersen & Lebech, 1971 ). Coiled sperm tails in vivo have been attri¬ buted to Ureaplasma infections (Fowlkes, Dooher & O'Leary, 1975) and epididymal dysfunction (Cupps & Briggs, 1965; Gustafsson, Einarsson, Nicander, Holtman & Soosalu, 1974) . Genetic defects causing sperm abnormalities occur in bulls-the 'Dag defect' (Blom, 1966; Blom & Birch-Anderson, 1967; Koefoed-Johnsen & Pedersen, 1971 )-, and mice (the t alíele mouse: Olds, 1971 ).
In such affected spermatozoa, the coiled or bent tail is enclosed in a membrane but some of the fibres and axoneme fibre doublets may be missing. These coiled or bent spermatozoa have poor motility and animals with a high percentage of such defective spermatozoa may be subfertile (Swanson & Boyd, 1962) . The contraceptive potential of a method which allows the induction in vivo of immotile sperma¬ tozoa with coiled tails remains unexplored. The compound l-(2,4-dichlorobenzyl)-indazole-3carboxylic acid (DICA) has been reported to have antispermatogenic effects when given orally to rats (Corsi, Palazzo, Germani, Barcellona & Silvestrini, 1976) . The present observations were made during a study of its antifertility activity in the monkey.
Materials and Methods
Three experiments were conducted with male rhesus monkeys (Macaca mulatta) which were treated orally with DICA. In Exp. 1,2 monkeys were treated daily with 50 mg DICA/kg for 5 days, 1 monkey received 500 mg DICA/kg daily for 3 days and 1 monkey received 500 mg/kg daily for 5 days. Semen obtained by electroejaculation was examined every week for 4 weeks, every 2 weeks for 2 months and then every 4 weeks for up to 1 year. Experiment 2 involved 3 of the 4 animals used in Exp. 1 and was initiated so that any acute effects of the high dose level could be evaluated : the animals received 500 mg/kg each day for 3 days and were killed on Day 4. Portions of the testes and epididymides were fixed in Bouin's fluid and embedded in paraffin wax. Haematoxylin and eosin-stained sections were exa¬ mined by light microscopy. The contralateral epididymides and vasa deferentia were each cut into 6 pieces. Each piece was minced in a pool of saline and the exuded spermatozoa were examined micro¬ scopically as a wet mount. Experiment 3 was a long-term study initiated to evaluate the efficacy of a 5-month treatment consisting of a loading dose of 50 mg DICA/kg/day, 5 days/ week for 2 weeks, and then a maintenance dose of 50 mg/kg/week (3 animals) or of 50 mg/kg twice monthly (3 animals). Three control animals received oral vehicle only. After fixation in 2 % glutaraldehyde the spermatozoa for SEM were placed on a glass plate and air dried. For TEM the fixed spermatozoa were suspended in 2 % agar and embedded in epon.
Results
The sperm numbers of Monkeys 6, 9 and 506 (Exp. 1) rapidly declined to zero and to 2-2 IO6 in Monkey 730 by 2 weeks after the start of treatment ; abnormal spermatozoa with coiled tails were also observed at this time. After a recovery period of 2-3 months, the number of spermatozoa/ejaculate returned to normal in Monkeys 9,506 and 730 (sperm counts 322 106/ejaculate and normal seminal analysis). By 1 year after treatment, Monkey 6 had a sperm count only 7 % of the pretreatment value (350 106/ejaculate) and his semen still contained coiled-tail spermatozoa. During the periods of declining and increasing sperm numbers, a greater (20-100%) than normal (0-10%) percentage of spermatozoa with coiled tails or midpieces bent about cytoplasmic droplets could be seen by light microscopy (PI. 1, Fig. 1 ). The results of Exp. 3 were similar for 5 of the 6 treated animals (Monkey 43 did not respond), but there was a large variation in the percentage of spermatozoa with coiled tails in each ejaculate. The percentages of all abnormal forms of spermatozoa in the ejaculates of the animals in Exp. 3 are shown in Table 1 ; the coiled-tail was the predominant abnormality in the treated animals (except No. 43), but there were few abnormal spermatozoa of this type in the controls. This variation of effect in the DICA-treated animals may have been partly due to the attempt to give the minimum effective dose for inhibiting spermatogenesis. Fig. 1 . Coiled-tail spermatozoa from a rhesus monkey treated with DICA. Light microscope view of whole undiluted semen shortly after collection, 500. Fig. 2 . Scanning electron micrograph of a coiled-tail spermatozoon. Index mark = 1 µ . Fig. 3 . Transmission electron micrograph of coiled-tail spermatozoon cut through the plane of the coil. The coil is enclosed by a membranous sac. Index mark = 1 µ . PLATE 2 Fig. 4 . Transmission electron micrograph of a coiled-tail spermatozoon cut perpendicularly to the plane of the coil. Places where the basic 9 + 2 fibre configuration is changed because of missing or disarrayed fibres are indicated by arrows. Index mark = 1 µ . Fig. 5 . Section through a cytoplasmic droplet nested in the bent portion of a sperm tail. The droplet contains vacuoles and membranous debris. No recognizable organelles are present. Index mark = 1 µ .
Scanning electron microscopy of the bent-and coiled-tail spermatozoa indicated that the coil was completely enclosed by a membrane (PI. 1, Fig. 2) . Part of the coiled tail was often broken off and a cytoplasmic droplet was present at the tail end. The sperm head, connecting piece, and midpiece regions appeared normal. Even though they were coiled and immotile, 65 % of the freshly ejaculated spermatozoa were alive, as shown by a vital staining procedure (Dougherty, Emilson, Cockett & Urry, 1975) , compared with 60-90 % in the ejaculates of the control monkeys. Examination by trans¬ mission electron microscopy through the horizontal plane of the coil (PI. 1, Fig. 3 ) clearly showed that the tail was enclosed in a loose membranous sac. PI. 2, Fig. 4 is typical of sections cut perpendicular to the plane of the coil : there is loss or disarrangement of the axoneme fibres. Tails which were not coiled had normal morphology. These results suggested that DICA had induced a sperm defect similar to those seen in Dag bulls and / alíele mice.
The sperm lesion eventually disappeared in all but one animal in Exps 1 and 3. This animal (No. 6) was killed about 1 year after treatment with DICA and the epididymal spermatozoa were examined by light microscopy. Only the region of the cauda epididymidis proximal to the vas deferens contained large numbers of spermatozoa with the coiled-tail defect. The epididymal epithelium was morpho¬ logically normal, suggesting a transitory epididymal lesion as the cause of the sperm defect. Necrosis and prominent vacuolization of the epithelial cells was seen in sections of caput epididymidis from the animals of Exp. 2, but these lesions were not present in the tissue of Monkey 6. The association of this epididymal lesion with DICA treatment and the abnormal spermatozoa is being investigated.
Discussion
A dysfunction of the epididymides may be the mechanism by which DICA affects spermatozoa. In Dag bulls testicular spermatozoa are normal, but spermatozoa from the cauda epididymidis have a high percentage of tail abnormalities (Blom, 1966; Koefoed-Johnsen "Pedersen, 1971 ). Other spermtail abnormalities have also been associated with epididymal dysfunction in the bull (Cupps & Briggs, 1965; Gustafson et al, 1974) .
The cause of the axoneme fibre defect is puzzling. Dott & Dingle (1968) reported that the cyto¬ plasmic droplets of bull and ram spermatozoa contained a variety of hydrolytic enzymes and Koefoed-Johnsen & Pederson (1971) speculated that droplet enzymes caused partial cell and tail filament digestion in the Dag bull spermatozoa. Transverse sections through coiled-tail spermatozoa of rhesus monkeys frequently showed cytoplasmic debris enclosed within the coil membrane (PI. 2, Fig. 5 ) and the filament damage observed could have been due to enzymic degradation in a way similar to that postulated for the Dag bull.
